Background-Health policy debate commonly focuses on frequently hospitalized patients, but less research has examined trends in long-stay patients, despite their high cost, effect on availability of hospital beds, and physical and financial implications for patients and hospitals.
Introduction
Attention is increasingly focused on high-cost patients in the current healthy policy dialogue. 1, 2 Much of this debate centers on frequently-hospitalized patients, who comprise a large proportion of health care costs. As of yet, little research has examined trends in longstay patients, despite their high cost, effect on availability of hospital beds, and physical and financial implications for patients and hospitals.
Analyses examining long-stay hospitalizations, defined as over 21 days, between 1980 and 1990 found that these hospitalizations represented 5% of all discharges from acute hospitals, but utilized 25% of hospital days. 3 With a definition of 30 days, in a Canadian study, 40% of acute hospital days were consumed by the 5% of prolonged hospitalizations. 4 The implication for subsequent health care spending is not fully understood, as at least one study shown that patients with frequent high-cost hospitalizations in one year may not have sustained high-cost services. 5 The importance of prolonged hospitalizations has persisted despite introduction of diagnosis-related groups DRGs in 1983 in an attempt to reduce the federal government's exposure to high hospital costs, which ultimately decreased lengths of stay. 6 To better understand the landscape of long-stay hospitalizations in the modern era, we examined medical and surgical patients with stays over 21 days using the National Inpatient Sample (NIS) from 2001-2012. The NIS provides a nationally-representative sample of hospitalizations from across the United States.
Methods

Design
We analyzed data from the 2001-2012 National Inpatient Sample (NIS) for a longitudinal cohort study. The NIS is the largest all-payer inpatient care database currently available in the United States. 7 The NIS samples from the State Inpatient Databases participating in the Healthcare Cost and Utilization Project (HCUP), which is a family of healthcare databases sponsored by the Agency for Healthcare Research and Quality (AHRQ). The NIS approximates a 20%-stratified sample of discharges from U.S. community hospitals, excluding rehabilitation and long-term acute care hospitals. The NIS is a sample of inpatient discharges from American community hospitals, defined as "all non-Federal, short-term, general, and other specialty hospitals, excluding hospital units of institutions." Included among community hospitals are specialty hospitals, as well as public hospitals and academic medical centers. Starting in 2005, the American Hospital Association included long term acute care facilities with average lengths-of-stay less than 30 days in the definition of community hospitals. Institutional Review Board exemption was granted by Beth Israel Deaconess Medical Center.
Study Sample
The NIS includes data on primary and secondary discharge diagnoses according to the International Classification of Diseases, 9 th revision, Clinical Modification (ICD-I-CM). 8 For this analysis, we defined long stays as any hospitalization documented in the NIS among patients 18 years of age or older that was 21 days or longer. Of note, to evaluate a primarily medical/surgical cohort, hospitalizations among patients discharged to psychiatric facilities or those with psychiatric, obstetric, or rehabilitation diagnoses according to HCUP Clinical Classifications Software categorization scheme were excluded.
Study variables
Patient characteristics collected in NIS include age, sex, race/ethnicity, and primary payer. Hospital characteristics collected include U.S. census region, teaching status, urban or rural location, and hospital bed size. Chronic comorbidities were classified using Comorbidity Software maintained by HCUP to produce an Elixhauser Comorbidity Index score. 9 Outcome and utilization measures examined include length-of-stay, in-hospital death, disposition, and the cost of hospitalization. Total hospital costs for each hospitalization were calculated by converting total hospital charges to costs using the HCUP cost-to-charge ratio, which is based on hospital account reports from the Centers for Medicare & Medicaid Services (CMS). 10 All hospital costs are reported in 2012 dollars, with inflation adjusted using the Gross Domestic Product (GDP) Price Index from the U.S. Department of Commerce, Bureau of Economic Analysis with 2012 as the index base.
Statistical Analysis
Patient and hospital characteristics are reported as means with standard errors for continuous variables and proportions for binary or categorical variables. Non-normally distributed outcomes were reported as medians with interquartile ranges. To account for the complex sampling design in NIS, all data were weighted to reflect national estimates, and sample sizes and weighted percentages are reported. We then estimated a logistic regression model for mortality with the year as the primary covariate of interest, adjusting for age, sex, and number of comorbidities. In the case of incomplete data, we performed the regression analysis with complete case analysis. Odds ratios (ORs) and 95% confidence intervals (CIs) are reported. Data were analyzed with SAS 9.4 (SAS Institute, Inc., Cary, NC) and SUDAAN (RTI International, Research Triangle Park, NC) to account for the complex sampling design.
Results
Overall, an estimated 5.8 million long-stay hospitalizations in the U.S. occurred during this 10-year period, representing approximately 2% of all hospitalizations, excluding obstetric, psychiatric, rehabilitation and pediatric hospitalizations. As seen in figure 1, these accounted for approximately 14.6% of all acute hospital days annually. Consistent with national trends in length of stay, both the number of long stays and the percentage of hospital days occupied by long stay patients declined over the study period. The total charges for these hospitalizations exceeded $20 billion annually, although charges declined from $28.2 billion between 2001-2004 to $23.4 billion between 2009 and 2012. Table 1 provides demographic characteristics of prolonged-stay hospitalized patients in the U.S. over the 10 years included in these analyses. Over time, such patients were generally younger, more likely to be male, and less likely to be Caucasian. The change in the age distribution for the prolonged-stay patients represented an increase in patients between the ages of 45 and 64, and a decrease in those between the ages of 75-84. Insurance coverage also changed, with more patients covered by Medicaid or without insurance, and fewer patients with Medicare as in Prolonged Hospitalizations their primary insurance coverage. Over the ten years, long-stay patients also had increasing degrees of chronic illness as reflected in the number of comorbidities documented.
Patient Demographics
The most common principal discharge diagnoses for the long-stay patients are seen in Table  2 . Consistent with its acuity, septicemia was the most frequent single diagnosis. The top ten most frequent principal diagnoses encompassed approximately 40% of all long-stay hospitalizations over the time period studied.
Discharge Outcomes
As seen in Table 3 , the average length of stay decreased significantly but modestly over time, from 27.0 to 26.8 days. The average charge per hospitalization increased significantly despite the slightly shorter length of stay. This increase coincided with a higher number of procedures performed. Of perhaps greatest importance, in-hospital mortality decreased over the 12-year period, both crudely and adjusted for age, sex, and comorbidity. Compared with the reference years of 2001-2004, the adjusted odds ratios for in-hospital death were OR 0.91 (95% CI 0.88, 0.93) in 2005-2008 and OR 0.75 (95% CI 0.73, 0.78) in 2009-2012. Discharge disposition also changed, with fewer patients being discharged to home without support, and more to post-acute care facilities or with home health services.
Hospital Characteristics
As seen in table 4, we observed a pronounced shift in the type of hospital where long hospital stays occurred, with a significant increase over the ten years toward urban teaching hospitals and away from both rural hospitals and non-academic hospitals. We observed no significant change in the geographic distribution of patients.
Discussion
Over the past 10 years, the profile of a prolonged hospitalization in the United States has changed, both for patients and the hospitals where they are hospitalized. Their charges and procedures per hospitalization have increased, with a concomitant drop in their length of stay and inpatient mortality. These changes may have important implications for hospitals in the current health care environment.
The demographic characteristics of patients with prolonged hospitalizations changed significantly, with a move toward younger, minority men with public insurance. This finding is consistent with a single-center study which demonstrated that Medicaid insurance and younger age were independent risk factors for length of stay over 21 days. 11 Of note, some of these demographic trends were also apparent in the population of all hospitalized patients. The reason for this demographic shift may be found in increasing burden of comorbidities for younger patients. In frequently readmitted patients, multiple comorbidities increase the risk for recurrent hospitalization, and it seems likely that similar processes act to prolong Doctoroff 
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Author Manuscript hospitalizations as well. 12 Long stays, however, may expose patients to particular financial risk, possibly reflected in the recent rise in medical bankruptcy, 13 and a shift toward individuals with public insurance, who may have the fewest outside resources, suggests that this rise is apt to continue.
The decrease in in-hospital mortality for patients with prolonged hospitalizations was notable over the ten-year period studied. This decline accords with the overall decrease in hospital mortality over the past ten years despite increases in hospitalizations, specifically in the Medicare population. 14, 15 It does not appear to be primarily related to the changing age of the patients, as the association persisted with adjustment, and may reflect overall improvements in medical care for the very sickest hospitalized patients. Of note, the decline in in-hospital mortality was accompanied by a decrease in length of stay, and hence we cannot exclude the possibility that patients most likely to die are increasingly being discharged beforehand, although the absolute drop in mortality was large relative to the modest decrease in length of hospitalization.
These results are interesting from the hospital perspective as well. Long-stay patients utilize almost 1 in every 7 hospital days, which inevitably influences the patient mix and the case mix for hospitals, with attendant repercussions. The decrease in length of stay of approximately five hours yields a saved day for every five hospitalizations, a possibly important source of additional capacity for full hospitals. However, the growing costs for this patient group, despite this modestly shorter length-of-stay, will similarly have important implications for accountable care organizations at financial risk for their care. At the same time, the increase in hospitalizations for patients more likely to have Medicaid or no insurance may confer increased financial risk for urban hospitals already operating with slim profit margins. Compounding this financial risk are increased discharges to other facilities for rehabilitation, a trend consistent with overall discharge disposition trends. 16 In an age of increasingly capitated or accountable care, this trend may represent a more costly option for hospitals. Indeed, the increasing disposition to other facilities implies that the complete financial impact of these long-stay patients is even larger than we document here.
From the vantage point of the academic center, the patient landscape is also evolving. Patients with prolonged stays are increasingly hospitalized in urban teaching hospitals and away from non-urban community hospitals. The demographic shifts to teaching hospitals may reflect a changing role for academic medical centers nationally, with an increased consolidation of complex and costly patients in academic hospitals. 17 This new role for academic medical centers may affect the educational opportunities for residents and medical students, as the educational value of caring for patients with prolonged stays differs from multiple patients with shorter stays, even as these long-stay patients may offer opportunities for new educational foci, such as value-based care and rehabilitation potential.
At a juncture of increasing health care costs, myriad readmission reduction programs with mixed success have been introduced. However, attention has rarely focused on long-stay patients. At this point, hospitals are increasingly changing their discharge processes, and introducing more comprehensive multidisciplinary rounds and hiring new complex discharge planning experts to help navigate complex discharges with inadequate insurance coverage. This resource allocation to complex patients, so called "hot spotting", may offer gains in reducing length of stay for the types of patients reviewed here, although focused efforts specifically for these particularly vulnerable patients are likely necessary. 2
Limitations
Although we were able to provide estimates of long-stay hospitalizations for the entire United States using the NIS, it does not provide access to clinical data on individual patients that might be useful in profiling them, such as the proportion of their long-stay days when they may have been clinically stable. For that reason, future studies among individual hospitals remain important, even if less generalizable. In addition, we do not have information on long-term outcomes for patients with prolonged hospitalizations with which to judge mortality rates or other clinical outcomes. Regarding the mortality data, the data regarding disposition is limited, and did not allow us assessment use of palliative care and hospice care during hospitalization or at discharge. The NIS has also only recently begun to provide information on readmission rates and hence we cannot yet examine trends in this important determinant of costs and quality.
Conclusions
In the United States, patients with prolonged hospitalizations consume 14-15% of all hospital days despite representing only 2% of hospitalizations. Over the twelve years studied, such patients have been characterized by lower age and increased reliance on Medicaid or no insurance. These hospitalizations confer over $20 billion of financial burden to the health care system annually. Large academic hospitals, increasingly the providers of care for these patients, should consider investing in systems to expedite discharge for patients to reduce length of stay and the associated financial burdens while continuing to find ways to lower their in-hospital mortality even further. In addition, this study also opens further areas of investigation of trends in the long-stay population, including trends in readmissions, as well as other long term health outcomes for this large group. 
